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V. An Efiimate of the Excefs of the Heat and Cold of the 
American Atmqfphere beyond the European, in the fame par- 
allel of Latitude : To which are added., fome Thoughts on the 
Caufes of this Excefs, by EDWARD A. HOLYOKE, m.d. 

F. A. A. 

PART 1. 

ALMOST from the firft difcovery of North America, 
it has been obferved, that the extremes of heat and 
cold are much greater on this fide the Atlantick Ocean, 
than they are in Europe, under the fame parallel of latitude. 
But the quantity of this difference has not hitherto, fo far as 
I am acquainted, been an object of much attention, or been 
determined with any degree of exa&nefs. A valuable work, 
annually pubiifhed for fome years paft, by a Meteorological 
Society at Manheim in Germany, entitled Ephemerides Mete- 
orolqgica Palatini, affords data for determining this point 
more precifely ; as it contains more numerous and more ac- 
curate obfervations, than any other publication extant. 

I have therefore, from this collection, formed a table of 
the greateft heat and greateft cold, and of the mean of the 
greater! heat and cold, for a courfc of years, of twenty dif- 
ferent cities in Europe ; the fouthernmofl of which is 
Rome, in lat. 41 53', a few minutes fouthward of Bofton >, 
and the northern moft, Stockholm, the capital of Sweden, 
in lat. 59 20', comprehending an extent of upwards of 17° 
of latitude ; and from Rochelle, on the weftern coaft of 
France, to Buda, the capital of Hungary, comprehending 
20 of longitude ; which takes in all the middle region of 
I Europe. 
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Europe. To which are added, my own obfervations of tire 
greateft heat and cold, &c. made at Salem in Maffachufetts. 

By this table it appears, that of the twenty European cities, 
mentioned in it, the thermometer was higheft at Wartz- 
burg, in the circle of Franconia, viz. 102 , 4, which falls 
fliort of our greater! heat above 3 degrees. The greateft 
degree of cold happened at Sagan, a city in the weftern bor- 
ders of Silcfia. There the mercury in the thermometer fank 
to — 21 . 32, which exceeds our greateft cold at Salem by 
i-o°. 3 ; but is juft as low, as we were informed by the pub- 
lick prints at the time, though I know not upon what au- 
thority, that the thermometer fell at Hartford in Connecti- 
cut, and at New York, in the month of January 1 786. But 
what is molt to our purpofe, the mean of the greateft heat 
in all thofe places, taken, collectively, for the period noted 
in the third column of the table, amounted to no more than 
-f 86°. 41, which is more than io° fliort of the mean of 
our greateft heat at Salem : and the mean of the greateft 
cold in thefe twenty cities, amounted to -f- 3 . 31, which is 
fliort of the mean of our greateft cold upwards of 5 degrees. 

But in order to determine the difference between our heat 
and cold, and the European, in the fame latitude, we rauft 
compare with thofe cities, which are fttuated in latitudes 
neareft our own,, viz. Padua, Marseilles-, and Rome. We 
find by trie table, that the mean of their greateft heat falls 
fliort of our's 5 . 62, 7°. 42, and 11V59, refpectively. We 
alfo find the mean of the greateft cold of thefe three cities 
islefs than our's by 19°. 415.29.°. 92, and 35°. 88, reipe&ively, 
further, the mean of the greateft heat of thefe three cities, 

taken 
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taken collectively, which is 88°. 1, deducted from the mean 
of our greateft heat, which is 97 . 02, leaves a difference of 
8°. 92 hotter. And the mean of the greateft cold of thefe 
cities, being -f- 25 . 96, taken from the mean of our greateft 
cold, — 2 . 42, gives a difference of 28 . 38 colder. 

The air of America then, in our latitude, is hotter in 
fummer (when hotteft) by 10 degrees of Fahrenheit's ther- 
mometer*, and colder in winter (when coldeft) by 5 degrees, 
than the whole middle region of Europe taken collectively, 
whofe mean latitude is about 49 or 50 , that is, about 7 or 
8 degrees more northerly than Bofton. 

Again, the air of America is hotter in fummer, by up- 
wards of 8 degrees, and colder in winter, by 28 degrees, 
than thofe parts of Europe, which lie nearly in the fame lat- 
itude, f- 

PART IT. 

HERE then is a very notable difference in refped both of 
heat and cold, in two tracts of our globe, which equally en- 
joy the influence of the fun, that prime fource of heat to 
our fyftem ; and it is much greater, I believe, than any one 
would imagine, who had not attended to obfervations of 
this kind : which naturally leads to an inquiry into the 
caufe of fo remarkable an excefs ; for this caufe ftill re- 
mains 

* I have all along made ufe of Fahrenheit's fcale, as being much more familiar to 
us than Reaumur's. 

+ As thefe three cities, taken together, lie a degree or two northward of us, toe 
*-efiilt here given is rather lefs, than the true. 
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mains a problem, which has never, I fuppofe, received a fat- 
isfactory folution. 

Various conjectures have been formed upon the fubjedt $ 
one or two of which I will mention. Thefirft, and per- 
haps, the raoft commonly received opinion among us, is, 
"That thofe lakes and large tracts of inland waters, which 
lie back of our fettlements, being conftanfly frozen over every 
winter, expofe a large furface of ice to the air j which being 
hereby rendered very cold, and being foon wafted to the fea- 
coaft, where our moft numerous fettlements are fituated, 
occafions that degree of cold, which the inhabitants of 
North America fuffer beyond the Europeans in the fame 
climate." To which I object, ift. That the winds, which 
for the moft part produce our moft intenfe cold, are not 
wefterly, as upon this hypothecs they ought to be, but 
north wefterly, or ftill more northerly winds, which laft 
certainly do not blow over any great extent of water in 
their paffage to our coafts. 2d. The caufe affigned does 
not feem adequate to the effect j for, though the lakes to the 
weft ward of us are large, yet they bear but a fmall propor- 
tion to the extent of land, over winch the winds muft pafs, 
ere they arrive at our fettlements. 3d. I fuppofe that a 
furface of frozen water does not render the air, that paffes 
over it, in any degree colder, than an equal furface of froz- 
en earth ; for frozen earth is as cold as frozen water > and 
all the furface of the ground, between the lakes and us, is 
frozen every winter, before the lakes themfelves are. And., 
if they do not render the air colder, after they are frozen, 
than an equal furface. of frozen earth ; certainly it cannot 

be 
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be fuppofed that they increafe the cold, before that period, 
Add to this, 4th. That this furface of ice, which covers the 
lakes every winter, is pretty early in the feafon clothed with 
fnow, more or lefs deep, as well as the whole furface of 
thefe northern countries : Now, no one can fuppofe that 
fnow, becaufe it lies upon a furface of water or ice, is capa- 
ble of producing a greater degree of cold in the atmolphere, 
than if it covered an equal extent of ground. Thefe obfer- 
vations do, I think, evidently fhew, that this hypothecs is 
not admiffible. 

Others have fuppofed, u that our woods and thick forerls, 
by harbouring large quantities of fnow every winter, and 
fcreening it from the action of the fun's rays, do occafion 
the air, which blows over it, to be much colder, than it 
would be otherwife, or than it is in Europe." This may 
indeed in fome meafure account for the length of our win- 
ters, and the fharpnefs of the winds in the fpring ; as the 
fnow will remain longer undiffolved, when fhaded from the 
fun, than in the open and cultivated parts of the country : 
But, I do not conceive how the fnow, which lies in the 
woods, mould communicate any extraordinary keennefs to 
the air, beyond that which covers the ground every where 
in thefe regions, whether cleared or uncleared, during the 
winter feafon. 

However, that the woods of America are fomehow the 
occafion of its greater cold, mull, I believe, be admitted. 

Several writers have obferved, that the winter's cold in the 
old continent was formerly much more fevere and intenfe in 
the fame climate, and the fame fpot, than it is at this day. 

This 
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This is a remarkable fa<5t, of which, however, I imagine 
there is fufficient proof. For fevere frofts are mentioned by 
ancient authors, as common events, in particular places, 
where nothing of the kind occurs now ; or, if at iome dis- 
tant intervals they do Hill fometimes happen, they are con- 
ftantly noted as very extraordinary. 

David, king of Ifrael, in one of his pfalms* fays, "He 
giveth fnow like wool, hefcattereth the hoar froft like afhes. 
He cafteth forth his ice like morfels j who can ftand before 
his cold ?" And about the time of our Saviour's crucifixion 
(about the beginning of April) St. John tells us-j- , that 
"the fervants and officers had made afire of coals (for it 
was cold) and they warmed themfeives." 

And Juvenal makes mention of the freezing of the river 
Tiber, as a common event in his time.J And Ovid talks of 
frozen wine in countries, where I fuppofe, very fevere frofts 
are now very unufual.§ 

If any doubt reflecting this point fhould ftill remain, I 
believe it will be much lefTened by an attention to what Li- 
vy the Roman hiftorian relates, in his account of the fecond 
Punick war. There we find, that when the Romans, un- 
der the command of Scipio, befieged a town in Spain near 
the river Ebro, in a latitude a little more fouthward than 
our's, he fays, "Nee obfejjor alia ulla res quam iniqua oppug- 

nantibus 

* Pfalm cxlvii. v. 16, 17. It is not material whether David were -the author of tlik 
pfalm, or not. 

+ John, ch. xviii. v. 18. 

t Hybernum frafta glacie defcendit in amnem. &c. Sat. vi. 1. 521. 

§ Nudaque confiftunt formam fervantia teflse 

Vina : nee haufta meri, fed data fruftra bibunt. Elee. x. 
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nantibus hyems tutabatur. Triginta dies obfidio fuit, per quos 
raro unquam nix minus quatuor pedes alta jacuit : adeoque 
pluteos ac vineas Romanorum operuerat> ut ea fola ignibus ali- 
quoties conjeSiis ab hofie, etiam tut amentum fuerit." (Lib. xxi.) 
That mow fhould lie four feet deep on the ground for thir- 
ty days together at Taragona or Barcelona (in the neigh- 
bourhood of which this town lay) would at the prefent 
day, be looked on as a raoft extraordinary phenomenon in- 
deed. See alfo Virgil's 3d Georgic. 

And, as no change has taken place upon the furface of 
the earth in that continent, that we are acquainted with, fo 
remarkable, and fo likely to have any great influence upon 
the atmofphere, as that of cutting down and clearing the 
earth's furface of thofe woods and thick fortfts, that a- 
bounded every where; may we not probably conjecture 
that this circumftance is fbmehow the caufe, why it is 
warmer at Paleff ine now, than in the days of king David ; 
and at Rome, than it was in the times of the common^- 
wealth, or of the Caefars ?|[ 

Now, it appears highly probable, that the fame caufe, 
whatever it was, which rendered Europe colder formerly, 
than at prefent, makes America at this day colder, than Eu- 
rope. America is at this day, in a fituation fimiiar to that, 
which Europe was in, with refpecl to its woods, thirty or 

perhaps 

j| It appears fey the annexed table, that at Rome there does noi happen every yeaF, 
at this day, fuch a degree of cold, as to fink the thermometer down to the freezing point. 
The difference then between its atmofphere in Juvenal's day, and the prefent, mufl be 
>very great. And, as to Jerufalem, as it lies about 10 degrees further foutk than Romeo 
I- prefume that nothing like a froft ever happens there, at this day. . 
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perhaps thirty five centuries ago. Its furface, excepting a- 
bout a hundred or a hundred and fifty miles, more or lefs, 
along the Tea coaft, is almoft univerfally covered with thick, 
and almoft impenetrable forefbs, as is well known to every 
one. And, as the fame caufes always produce the fame 
effects, it feems very probable, that the forefts of America, 
are in fome way or other, inftrumental in producing that 
extra degree of cold, for which our winters are fo remark- 
able. 

Taking this therefore for a probable fuppofition, let us 
purfue it, and inquire whether it be confirmed by reafon 
and experiment. 

Among the many happy difcoveries in philofophy and 
chemiftry, with which the celebrated Dr. Prieftley has o- 
bliged the world, one of very great importance is -, " the pro- 
perty, which the leaves of all plants and vegetables of every 
kind poffefs, of yielding, in day light, air of a much purer 
kind, freer from phlogifton, and fitter for refpiration, than 
common atmofpherick air : that they not only furnifh large 
quantities of fuch air, but have alfo the faculty of abforbing 
phlogifton from air, when fouled by a mixture of it, fo as to 
render the fame falubrious and refpirable, which was before 
noxious and fuffbeating ; and thus become, in the hands 
of the great Author of Nature, one grand corrector of thofe 
impurities, which might, otherwife, fb farincreafe, as to con- 
taminate the whole mafs of the atmofphere -, and in procefs 
of time render it totally unfit for refpiration, and the fup- 
port of animal life." This is a doctrine well eftablilhed, 
and needs no new proofs. 

All 
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All vegetables then, both in Europe and America, are 
continually fupplying the atmofphere with this pure air, 
and counteracting thofe phlogifticating proc-effes, fuch as 
combuftion, refpiration, putrefaction, &c. which are con- 
tinually going on in all parts. But there is this material 
difference between the two continents. In Europe, upon 
the coming on of the frofty feafon, the leaves of all vegeta- 
bles, on or near the earth's furface, languifh ; and, if they 
do not die, yet moft probably they perform their office of 
dephlogifticating the air, in a much more languid manner, 
than in fummer -, or are perhaps entirely covered with mow, 
which, while it continues on them, mull effectually put a 
ilop to this procefs ; and as to the trees, their leaves for the 
moft part drop off, and no more pure air is to be expected 
from them, till they are again renewed in the fpring. But 
in America, although the leaves of all vegetables on the 
earth's furface are frozen and killed early in the winter, and 
the leaves of many of our trees fall off, and yield no more 
of this pure air, than the European trees ; yet, there is a 
conftant and large fupply of it, from thofe vaft quantities of 
pine trees, firs, fpruce, cedars, junipers, favins, hemlocks, 
and other ever-greens, which retain their leaves through the 
mtenfeft frofts, and which do greatly abound in our Ameri- 
can woods, from the 30th to the 50th degree of N. latitude - y 
a quantity fufficient, perhaps, to cover one 5th or 6th of the 
whole furface of the continent of Europe. 

That our evergreens do in fact yield, during the winter 
feafon, fuch a pure air, I have feveral times found by expe- 
riment. My experiments were conducted in the manner, 

K. in 
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in which Drs.Prieftley and Ingenoufz conduced their's ; and 
I constantly found air produced from the leaves of juniper and 
pine (the only ones I have yet made trial of) in the fame 
manner, as. from other leaves in fummer.* But it ought to 
be obfervedj that this manner of experimenting cannot be 
grofecuted, when the water is colder than 32 degrees by 
Fahrenheit's thermometer, as the water, would then be con- 
verted into ice j but it appears reafonable to fuppofe, if as 
much air is produced in thefe experiments, when the ther- 
mometer is at 34 or 35 , as when it mounts to jo° or 8o°, 
that the weather, though much colder, would make no 
material alteration in the refult. This fa£t then is not 
to be confidered as fully eftablifhed (though I believe, 
whenever proper and decifive experiments are made, it will 
be confirmed) but as in a good degree probable, 

This being allowed, what a fund of pure dephlogiflicated 
air have we here in America, beyond what Europe at prefent. 
poffeffes. There are no doubt evergreens of various kinds 
Scattered, all over Europe; yet it cannot be fuppofed, that 
the quantities bear any proportion to thofe, which once, 
flourished there ; especially in the Southern and middle regi- 
ons of that continent ; and as to Scandinavia, where! fup- 

pofe 

* I have not yet had either timecr opportunity, toprofecute experiments upon ever- 
greens, as I could wifl), or as I promife myfelf I may have ; but, from what I have ex- 
perienced, I mink it no extravagant fuppofition, mat a pine tree of a common fize 
fhcuid yield four barrels of pure dephlogiflicated air in one clear fair day ; to which, if: 
we add that as much phlogifkm is abforbed in. the fame time, as an equal, quantity of 
common atmofpherick air contains ; we may readily imagine, that, in a country abound- 
ing with trees of this kind, the atmofphere muft be much more dephlogiflicated in winter. 
than in a country, where evergreens are. rarely met with, 



Dr. Hol yoke's Ejiimate of the Excefs of Heat and Cold. 



/ 5 



pofe they abound raoft at prefent, I imagine they muft be 
very much thinned by this time. But what will all thefe a- 
mount to, when brought into a companion with the ever- 
greens of America ? 

From thefe confederations I think it muft appear highly 
probable, that America is f urnifhed with fources of dephlo- 
gifticated air, which are now exhaufted in Europe ; and 
that therefore, moft probably, its atmofphere is really more 
,pure and dephlogifticated. 

Whether this be in reality the fact, may be determined 
moft fatisfatlorily from meteorological obfervations. For 
the fenfible qualities of the atmofphere, which are the objecls 
of meteorology, may, if properly attended to, and noted down 
for a courfe of years, determine not only which country en- 
joys the dryeft and pureft air ; but alfo the quantity of the 
difference (if any there be) may as eafily and as precifely be 
fcnown, as the difference of their heat and cold. 

To fuch obfervations then we muft recur ; and, if we are 
enabled to determine — the quantity of evaporation — tlie 
■quantity of rain — the number of clear fair days — the num- 
ber of cloudy days — of rainy days — and of foggy days, in 
each continent, for a competent courfe of years, there is no 
doubt but the point may be fatisfa&orily determined. This 
Ifhall next attempt ; after premifing that we have not yet, 
perhaps, obfervations enough to fettle the matter without all 
doubt ; yet enough, I imagine, to fhew that it is in the 
higheft degree probable, that the climate of America is much 
drier in general, than that of Europe * The 

* Perhaps the moft direft way of determining the drynefs of the atmofphere is by 
the hygrometer ; but till this inftrument is more improved, than at prefent, and ob- 
fervations 
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The quantity of evaporation in any country muft, I think, 
depend principally, if not entirely, upon the three circum- 
ikzncts of — drynefs — heat — and motion, of the air, contig- 
uous to the evaporating furface.* For the dryer the air, 
the more capable it is of abforhing a certain quantity of 
water in a given time ; for when fully faturated with water, 
as in a foggy feafon, little or no evaporation takes place. 
Heat too is found to promote evaporation, probably as it 
Jeflens the cohefion of the particles of water : and the wind, 
not only by agitating the evaporating furface, but alfo by 
applying frefh portions of air to the fame, tends greatly to 
promote this procefs. 

Now, all thefe circumftances confpire with us in Ameri- 
ca, in a greater degree than in Europe, to increafe the dry- 
nefs upon the furface of the earth. And fuch a degree of 
drynefs does in fact take place here, as much more frequent- 
ly to injure our crops, and fruftrate the hopes of the huf- 
bandrnan, than in Europe. 

The proof of this point however, from actual obferva- 
tion, according to the Ephemerides Meteorologies, is rath- 
er lame ; for of the fix or feven places mentioned in that 
work, which can be eafily brought into a comparifon with 
thofe of Dr. Williams in the fame work, which are the only 
American ones, which I have met with, two, if I underftand 
them, exceed his confiderably : all the reft indeed fall much 

fhort ; 

fervations have been matie upon it for fome competent time in both continents ; this mode, 
of determining it mud remain a defideratum. 

* Elecbricily may perhaps be confidered as another caufe promotive of evapora- 
tion ; but then I fuppofe it probable, that its effect in promoting evaporation, may be. 
very much in proportion to the drynefs cf the atmofphere, 
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Ihort •, for the mean evaporation of thofe feven places does 
not amount to quite 45 inches, for the year 1785 ; whereas 
the evaporation at Cambridge the fame year, by Dr. Wil- 
liams' account, was upwards of 56 inches. 

The great difference in the quantity of rain, which falls 
in different countries annually, makes this a remarkable ar- 
ticle in the meteorological regifter. We are informed by 
Dr. Lind,* that at Senegal in Africa there falls, in the four 
rainy months, 115 inches depth of rain ; and by the Ephem- 
rerides fo often quoted, that at St. Peterfburg, in Ruffia, in 
the year 1785, there fell fhort of 12 inches. -f- Now I think 
it almoft certain, that the quantity of rain, that falls yearly 
in any country, provided it be fufficient for the purpofes 
of vegetation, muft be very much in proportion to the an- 
nual quantity of evaporation, in the fame region. For a 
very trifling quantity would any where be enough, if none 
of it were to pafs off by evaporation ; as, on the other hand, 
fcarcely any aflignable quantity would be fufficient, if the 
whole of it were fuddenly exhaled. The drier the air is 
then, in any large extent of country, the more rain is required 
to fupport vegetation in its full vigour. So that the com- 
parative drynefs of the atmofphere, in any two countries, 
may be pretty fairly inferred from the annual quantity of 
rain, which falls in each of thofe countries refpe&ively, for 
a courfe of years ; provided vegetation be equally vigorous 
in both. 

From 

* Difeafes of hot climates. 

+ And we are not informed that '.his year was remaikably dry there, 
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From the many regifters, which have been published of 
the depth of rain, which falls in a great number of places 
in Europe, and for a long courfe of years, it appears, that 
the medium quantity of rain in that quarter of the globe 
fcarcely equals, but certainly does not exceed, 30 inches 
from year to year. But in America, viz. at Ipfwich-Ham- 
let, by the obfervations of the Rev. Mr. Cutler, upon a 
mean of five years (the laft of which, viz. 1787, was rath- 
er a dry one) there fell inches 49. 472. And by Dr. Wil- 
liam's obfervations at Cambridge, there fell in 1785, inches 
47. 616. — And by the obfervations of the Rev. Mr. French 
at Andover, there fell there, on a mean of the feven laft 
years, inches 51. 2. annually. 

The number of fair unclouded days, which happen in 
the courfe of a year, for feveral years together, in any place, 
muft alfo give fome indication of the drynefs of the atmof- 
phere of that country ; for, as clouds are formed from the 
mouture exifting in the air, a freedom from them muft in- 
dicate a deficiency of moifture 3 that is, the air muft be drier. 
Now it appears from the Ephemerides Meteorologicae Pala- 
tini, that the mean number of fair days, by obfervations 
made in twenty different cities in different parts of Europe,* 
amounted only to fixty three, or fixty four, and that the 
fame year at Cambridge there were one hundred and feven- 
ty three fuch days. To which I may add, that by my own 
obfervations at Salem, upon a mean of feven years, we had 
one hundred and thirty fair days annually. 

The 

* Viz., Thofe mentioned in the annexed table. 
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The number of cloudy days in thefe fame twenty cities 
was in 1785, upon a mean, one hundred and thirteen, or 
one hundred and fourteen ; but at Cambridge there were 
only fixty nine ; and at Salem, upon a mean of feven years, 
about ninety five days annually. 

The number of days, which were partly cloudy, in thofe 
fame cities was one hundred and feventy four, or one hund- 
red and feventy five ; at Cambridge but one hundred and 
twenty three j and at Salem annually, for feven years, one 
hundred and twenty upon a- mean. 

The number of rainy days in thofe cities was upon a 
mean 122 ; at Cambridge only 88 ; and at Salem 95 an- 
nually, for feven years . 

The number of foggy days in thofe cities was fixty fev- 
en ; at Cambridge fixteen ; and at Salem, for feven yearsj. 
twenty one days annually » 

As to hygrometrical obfervations, we unluckily have none 
to compare with the European ones ; excepting only thofe 
made by the illuftrious Br. Franklin, and communicated in 
a letter to Mr. Nairne on hygrometers, publifhed in the 
2d. voL of the Tranfadions of the American Philofophical 
Society at Philadelphia ; by which it appears, that the air of 
Philadelphia is drier, not only than that of Great Britain, 
But alfo than that of Paffy, in France. This evidence feems. 
to be direct. 

Our evaporation then is greater, than the European ; our 
quantity of rain, much greater : we have more clear fair 

days 5 
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days j we have fewer cloudy days ; and fewer foggy days > 
and fewer rainy days.* 

Thus, by every method of comparing the two atmos- 
pheres, the American appears to exceed the European in 
point of drynefs. And, although perhaps no one of all 
thefe fads, brought to prove our atmolphere drier than that 
of Europe, does, when taken fingly, determine any thing 
very fatisfa&ory ; yet, when they are all fairly and candidly 
laid together, the proof arifing from their joint evidence 
amounts to a very high degree of probability. 

It may now perhaps be thought incumbent upon me, to 
fhew how a greater purity and drynefs of the atmolphere, 
mould occafion greater degrees of cold, or heat ; or that I 
mould point out the procefs of Nature in generating heat 
or cold from drynefs and dephlogiftication.-f And many 
probable reafons drawn from chemiilry, and many very 
plaufible conjectures might be adduced, to prove and illus- 
trate this point. But, as it feems generally fuppofed, that 
all the theories of heat, hitherto propofed, are rather imper- 
fect ; or, however that may be, as I muft freely confefs my- 

felf 

* In the fummer feafon, as there are more phlogifticating proeeiTes t;oing on ir> 
Europe, to render the air foul, than in America, fuch as combuftion, refpiration, put- 
re fafti on, &c. fo in the latter it is probable, that, at this feafon, the vaft number of trees, 
in addition to the vegetables, which grow nearer to the earth's furface, in as great plen- 
ty as in Europe, muft furnifli a larger proportion of this purer air : fo that in the hot, 
as well as the cold feafons of the year, America muft have the advantage of Europe in 
tins particular. 

+ I have ufed the terms dry, pure, and dephlogifticated, as fynonymous, or at lead 
have confidercd them, as qualities accompanying each other in the fame (fate of the at- 
rnofphere. But, that they are always neceflarily and phy Really conne.a e d I do not pre- 
tend to aiTert ; that they commonly do accompany each other, I believe to be certain. 
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felf too little acquainted with its nature, to enter upon fuch 
a difcuffion, I would rather refer to obfervation and expe- 
riment. 

Now it is, I believe, matter of conftant and univerfal ex- 
perience, at lead in this country, and I fuppofe every where 
in cold countries, that the moll intenfe cold always happens 
in the pureft, drieft, and moft dephlogifticated ftate of the 
atmofphere ; or, that we never have our intenfeft froft, but 
when the air is in this ftate. That the air is very dry at 
fuch times, appears from the ffirinking of wood, and all veg- 
etable and animal fubftances, &c. That it is in a dephlogif- 
ticated ftate, appears from the rapid confumption of fuel, 
and the great tendency to fcorch obfervable at fuch times 
in our ordinary fires ; from the increafed brightnefs and 
magnitude of the flame of candles and lamps $ and from 
many other circumftances, which might be mentioned. 
The weather indeed is frequently raw cold, as we vulgarly 
phrafe it, and exceflively uncomfortable, when the atmof- 
mofphere is in a very humid ftate. The moft difagreeably 
cold weather, which we have in winter, happens, when the 
air is in this damp ftate ; but the thermometer at fuch times 
is never at, or near its loweft ftations - y perhaps never nearer* 
than 1 5 degrees or upwards. 

Further, although the weather is frequently, during fum- 
mer, moft difagreeably hot and irkfome to our feelings, when 
the air is very damp and phlogifticated, as appears by effects 
directly oppofite to thofe juft now enumerated, as the con- 
sequences of dephlogiftication -, yet, fo far as my obferva- 

L tion 
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tion reaches, the thermometer is never at its higher!:, at 
fuch times, but commonly 6 or 8 degrees below it.* 

Whence I think it may fairly be inferred (whether we 
are able to account for it philofophically or not) that dry- 
nefs or dephlogiftication, are in fact and nature, neceffary to 
the production of our intenfeft cold ; and probably of our 
intenfeft heat. And if fo, is it not natural to fuppofe, that 
when the atmofphere of any country is ufually both in fum- 
mer and winter much dryer, and more dephlogifticated, than 
another, that, caeteris paribus, it fhould be hotter in fummer, 
and colder in winter there, than in that other I 

But, allowing all that has hitherto been advanced upon 
this fubject, I would not haftiiy conclude, that the fuperiour 
drynefs and dephlogiftication of our atmofphere is alone 
fufficient to account for the whole of our fuperiour heat and 
cold. There are probably other caufes, which confpire with 
it to produce the fame effect. I fhall mention one, which 
I think of confiderable moment.. 

All 

* It may perhaps, have the appearance of paradox, to afcribe two fuch oppofite ef- 
fects, as heat and cold, to the fame caufe ; but this appearance will in a good meafure 
vanifh, if it fhould be found, as I fuppofe it may, that dephlogiftication produces cold, 
by its chemical effeft upon the air : But that it produces heat only mechanically, by 
inducing a more perfectly pellucid Mate of the atmofphere, whereby fewer of the fun's 
rays are intercepted ; and (as dephlogifticated air is fpecifically heavier by much, than 
common atmofpherick air) by occafioning a greater weight and denfity of the air, near 
the earth's furface, whereby the fun's, influence in producing heat is greatly increafed, 
I hefe confiderations may ferve to mew, why cold is fo much more increafed, by a de- 
phlogiflicated Mate of the atmofphere than heat. And it is obfervable, that the difference 
between two thermometers, one of which is expofed to the fun's dire£i rays, and the other 
:m the {hade, is always, caeteris paribus, much greater in a dephlogifticated, than in a pblo- 
/{ifticated Hate of the atmofphere. 
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All coafts, which border upon a large ocean, in cold cli- 
mates, muft, during the feafon of winter, be warmed by winds 
which blow from the ocean upon them ; plainly for this 
reafon, that the waters of the fea in thofe latitudes never 
become fo cold by many degrees, as the furface of the earth : 
fo likewife, in thofe fame regions, the water of the fea never 
becomes, during the fummer, fo warm as the earth's fur- 
face ; and therefore, at this feafon, winds blowing from the 
fea upon the land, cool the air. 

Now-, it appears by the Ephemerides Meteorological Pa- 
latini, that the winds, which are mofr. prevalent in Europe, 
blow from the Weft, or at leaft from that femicircle of the 
horizon ; more efpecially during the fummer and winter 
months. Wefterly winds then, muft caufe the air of Europe 
to be warmer in winter, and colder in fummer, than thofe 
that blow from the oppofite quarter ; becaufe that continent 
lies eaftward of the great Atlantick ocean. The directly 
oppofite effect takes place in North America, from the fame 
caufe ; that is to fay, the winds, which prevail moft with 
us, particularly in the hot and cold feafons, are likewife from 
the weftern quarter; for in the vernal and autumnal feafons, 
they are commonly more variable, and blow more frequent- 
ly from the eaftward, than in fummer or winter.* We 
therefore, feel lefs of the warming effecls of the fea air in 
winter, as well as lefs of its cooling ones in fummer -, be- 
caufe 

* Upon examining a number of American meteorological regifters for a courfe of 
feveral years, I do not find more than one month in fixteen or eighteen, in which eaflerly 
winds predominate ; but I find feven or eight in a year upon an average, in which they 
blow almoft conftantly from the weftward. 
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caufe our coafts lie weftward of the ocean. Thus, the winds 
which prevail molt in Europe, tend to mitigate both the 
heat and the cold, to which its geographical fituation ex- 
pofes it ; as, on the contrary, the fame winds increafe both 
the cold of winter and heat of fummer, on the American 
coafts.* 

Bat upon the fuppofition, that wefterly winds are moft 
prevalent in the middle latitudes all round the globe, which 
feems rather a probable conjecture, if we confider the facls 
juft mentioned; and further, that the courfe of the trade 
winds in the torrid zone is continually from the eaftward ;. 
it ought to follow, that the eaftern coaft of Afia, as well 
as the eaftern coaft of America, fhould be colder, than the 
weftern coaft of Europe, or than the weftern coaft of Ame- 
rica, under the fame parallel. And that fuch a difference 
does really obtain, feems to appear from the account given 
by the writer of Captain Cook's laft voyage, who informs 
us that vegetation was in great forwardnefs in the month of 
April, at Nootka or King George's Sound, on the weftern 
fide of N.America, in the latitude 49 36' N. in the year 
1778 : Whereas the next year, at the bay of Awatfka, in 
Kamtfchatka, on the eaftern coaft of Afia, in lat. 53° 38', 
the fnows were not gone, nor was there any appearance of 
vegetation, till the middle of May. Which, if to be relied on, 

as 

* Stockholm in Sweden lies in lat. 59° 20' N. and Tobolfki in Siberia, in 58 12' ; 
yet it is found by obfervation that the ufual cold in the latter, very much exceeds that of 
the former. Now, Tobolfki is 50 of long, more eafterly than Stockholm ; of courfe & 
much further from the Atlantick ocean. Doth not this obfervatioa confirm the truth 
af our hypothefis ? 
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as the common courfe of things, is a ftrong confirmation of 
the dottrine juft propofed.* -f 

But it is more than time to clofe this paper, already much 
too lengthy ; which I fhall do, after obferving that, al- 
though I know not whether either, or both the caufes 
herein fuggefted, may be judged adequate to the effe&s, 
which I have afcribed to them ; yet I think we mull 
admit the operation of fome partial or local caufe 
(fuch as greater dephlogifttcation) to account for the great- 
er degree of cold in Europe formerly, than at prefent — as 
well as of fome general caufe (fuch as the general courfe of 
winds from the weftward in the temperate zone) to account 

for 

* It is a common obfervation among thofe of our navigators, who frequently trav- 
erfe the Atlantick, in or near our latitude, that wefterly winds are of all, others, the moft 
ufual ; which has occafioned the failors to call the paflage from the eaftward uphilL 
And it is obferved in Mr. Walter's Account of Anfon's Voyage, that, in the Pacifick 
ocean, in the latitude of 30 or 320 North, the winds almoft conftantly blow from the 
weftward, though in but moderate gales ; but that in more northerly latitudes, as 40 or 450, 
there are fteady wefterly winds ; the writer therefore fuppofes, that the Accapulco fhip 
might perform her voyage in much lefs time, if file flood further to the northward, where 
wefterly winds conftantly prevail, than {he does, while (lie purfues her old traft. Thefe 
©bfervations are additional proofs of the hypothelis advanced in this paragraph. Whe- 
ther wefterly winds prevail in the fouthern temperate zone, I know not ; but, if they 
do, the weftern coaft of South America is probably warmer than the eaftern, in latitudes 
fimilar to ours.. If the courfe of the winds in our latitudes be generally from the weft, 
will not this circumftance alone occafion the atmofphere of Europe to be more humid 
than the American, as the air from the fea muft be more charged with the watery va- 
pours, than the land air ? 

-r Vafennius in his Geography, page 609, 4th Edition, Lond. informs us,, that in 
" the north part of China, though in a latitude not more northern than Italy, the cold feels 
very fliarp, and the great rivers and lakes are frozen" — and page 611, that « In Japan, 
which extends from 31 9 to 390 N. they have a cold fnowy wet winter." 
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for the greater degree of cold on the eaftern confines of 
Afia, than on the weftern of America. 

Be this however as it may, I flatter myfelf that, what is 
here offered, may excite fome perfons of tafte and leifure 
for fuch inquiries, to attend to the fubjeds here treated, and to 
examine with freedom the theory here advanced ; that fo, 
if it fhall be found agreeable to reafon and experience, it 
may be illuftrated and confirmed ; or, if otherwife, that it 
be confuted and exploded. 
Salem, September, 1788. 



POSTCRIPT, 

To a Paper entitled, An EJiimate of the Excefs of the great efl 
Heat and grcateft Cold of the American Atmofpkere beyond 
the European, under the fame Parallel of Latitude, &c. L 

SINCE the Academy did me the honour to read a paper I 
prefented them in November 1788, entitled, An EJiimate oj 
the Excefs of the Heat and the Cold, &c. I have had the plea- 
fureof reading in the Philofophical Tranfa£Hons, Vol. lxxvii. 
Article xv. an account of fome very curious experiments 
made by our countryman Sir Benjamin Thompfon, at 
Manheim, in the Palatinate in Germany ; by which it ap- 
pears that eider-down, cotton wool, raw filk, &c. yield as 
much and as pure dephlogifticated air, as the leaves of any 
kind of vegetables by the fame procefs ; that is, by expofmg 
them, when immerfed in water, to the aftion of the fun's 
rays : and therefore, that moft probably, this pure air is 
derived from the water in which they are thus immerfed, 
and not from the fubftances, whether vegetable, animal, or 

mineral, 
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mineral, which are thus heated. Whence it feems to follow, 
that it is far from certain that any fuch pure air, or indeed 
any air at all, is derived from the leaves of plants expofed to 
the fun, as was fuggefted and feemed to be proved, by the 
experiments of Drs. Prieftley, Ingenhoufz, and others. If 
this be really the truth of the cafe, and air is not produced 
from the leaves of vegetables, as in the paper juft now men- 
tioned I have fuppofed it to have been > then, all the fubfe- 
quent reafoning upon this hypothefis is void of foundation, 
and muft fall to the ground. But it ought to be noted, that 
the facts and obfervations contained in the EJiimate, which 
mew our atmofphere to be really drier than the European, 
are not at all affefted by the failure of this hypothefis, but 
remain in their full force, though I may have miftaken the 
caufe, when I attributed it to the purity of the air derived 
from the leaves of vegetables. 

Further, fince writing the paper before mentioned, I have 
accidentally been informed of a fact, which confirms the 
idea, that our evergreens are, if not the caufe of dephlogif- 
ticating the air, yet fomehow the caufe of an increafeof cold. 
The fact I mean is, thatjrojls are commonly obferved to appear 
much earlier every anturyn, as well as later in the /firing, in the 
neighbourhood oj pine and other evergreen woods, than in other 
places, or than in the jieighbourhood of other woods which drop 
their leaves in the winter. And this I find confirmed by eve- 
ry one I have fince inquired of, whofe bufinefs or fituation 
leads them to attend to the matter ; and I am told, it is a 
common obfervation, though I confefs I never heard of it, 
before I prefented the paper to the Academy. 
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If this obfervation be well founded, then (whatever may- 
be the fate of Dr. Prieftley's and Dr. Ingenhoufz's experi- 
ments) our pine woods are a fource of cold, which Europe 
is now in a great meafure deprived of; as there is no doubt 
but that trees of the evergreen, as well as of every other 
kind, are now few, and thinly fcattered over that continent, 
compared with what they muft have been in paft ages, or 
than they are in America at prefent. 
Salon, November, 1790. 



A TABLE of the greateft H E AT and C L D, and of the Mean of the grtatefi 
Heat and Cold, colUBed from Obftrvations made for a courfe of Years in twenty 
different Cities in Europe ; as exhibited in the Efphemerides Meteorologic* Palati- 
ni : and at Salem, in North America, for [even Years : fuming the Excefs both of 
Heat and Cold in America, beyond that of Europe in the fame Latitudes; by the 
Thermometers both of Mr, Reaumur, and Fahrenheit. 
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